The amount of myelin that forms on individual axons can vary considerably. Recent work, including a new study, indicates that myelin profiles on distinct subclasses of axons might be determined by diverse mechanisms.
Once dismissed as mere 'insulation', myelin, a specialized glial cell membrane that wraps axons, has earned new respect as a highly dynamic feature of brain architecture that can profoundly influence cognition and motor function. For many years much of myelin research was focused on how its biophysical properties facilitate rapid transmission of electrical impulses along axons. More recently, attention has begun to shift to the idea that myelin can be modified by experience [1] . Among the major questions now facing the field is whether or not distinct subtypes of neurons use activity-dependent cues to regulate the amount of myelin that ensheaths them. A new study reported in this issue of Current Biology by Koudelka et al. [2] now shows that whereas one type of neuron in larval zebrafish requires vesicle secretion to determine its myelin profile, another does not, suggesting that diverse mechanisms mediate myelination of distinct neural circuits.
One of the major concepts in neuroscience is that synapses, structures that mediate communication between neurons, can be strengthened or weakened by changes in neuronal activity. This synaptic plasticity is thought to be the basis of learning and memory. Remarkably, myelin is also plastic and changes in myelin correlate with cognitive ability. For example, the amount of myelin, or white matter, increases in particular brain regions of individuals who learn new skills [3, 4] . By contrast, socially isolated children and rhesus monkeys have specific cognitive deficits and reduced amounts of white matter [5, 6] . These observations indicate a R468 Current Biology 26, R461-R480, June 6, 2016
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Dispatches relationship between experience and myelination, but the mechanisms that cause changes in myelination as a result of brain activity and how these changes contribute to brain function are almost entirely unknown.
In the central nervous system myelin is produced by oligodendrocytes. During development oligodendrocyte precursor cells (OPCs), which arise from specific subpopulations of neural progenitors, migrate to become dispersed throughout the brain and spinal cord and divide to increase in number. Subsequently, some OPCs stop dividing and extend multiple membrane processes to wrap multiple axons with myelin membrane. Individual myelin segments, or internodes, are separated by small gaps called nodes of Ranvier. The axon membrane at the nodes is highly enriched with voltagegated Na + channels, which pass ions across the membrane to generate action potentials. Not all myelinated axons are uniformly wrapped along their length, however, and myelin profiles on individual axons can be quite variable [7] . In principle, variations in myelin thickness, internode length, node composition and total myelin coverage all can influence the conduction properties of axons. What features of oligodendrocytes could change in response to brain activity, thereby creating myelin plasticity? Some recent studies provide evidence that oligodendrocyte number and myelin thickness in mice can be influenced by social isolation, motor task learning and optogenetic stimulation of axon activity [8] [9] [10] [11] . These are the most easily quantifiable characteristics of oligodendrocytes. Determining if activity changes internode length, sheath stability, total myelin coverage of individual axons and whether or not particular axons are selected for myelination is much more difficult. Investigation of myelination in co-cultures of oligodendrocytes and neurons showed that activity-evoked vesicle secretion from axons increased the number and length of myelin segments [12] . An important caveat to in vitro approaches is that they cannot replicate the environment of a developing nervous system, in which distinct axons, with distinct signaling molecules and activity profiles, might compete for myelination.
Work using zebrafish has begun to fill some of the gaps left by in vitro and rodent models of myelination. Among the chief advantages of zebrafish is the ability to manipulate axons and oligodendrocytes and directly observe axon wrapping within intact, living larvae using timelapse confocal microscopy [13] [14] [15] [16] [18, 19] , indicating that at least some oligodendrocytes have an intrinsic capacity for myelination that requires no axonal cues. Thus, some axons might be 'hard-wired' for myelination without activity-dependent modulation of their myelin coverage. Additionally, axons can release factors independently of vesicle secretion or potentially change cell surface localization of myelin regulatory molecules in response to activity. Thus, distinct types of neurons might engage in a range of activity-dependent and independent modes of myelination. Comparing myelination of axons that are either electrically silenced or blocked for vesicle secretion and gene expression profiling of different neuron subtypes might begin to uncover additional signaling mechanisms.
The findings of Koudelka et al. also have implications for interpreting the results of gene function studies. Generally, myelination assays are performed without regard to axon identity or complete knowledge of when and where candidate myelin-promoting factors are expressed. Consequently, global analysis of myelination could fail to detect important changes resulting from loss of a growth factor secreted by only a subset of unidentified axons. Systematic analysis of transgenically marked neuron subtypes in zebrafish should help overcome this limitation.
Koudelka et al. raise a final important point in their discussion. Although the field has been firmly focused on how myelin plasticity could modulate the timing and frequency of electrical impulses to contribute to learning, this possibility remains largely hypothetical. An alternative possibility is that vesicle secretion from rapidly firing axons attracts myelin to provide metabolic support for the axon. Distinguishing between these possibilities will require coordinated investigation of the electrophysiological, functional and metabolic properties of individual classes of myelinated axons.
